Ticks represent a large group of pathogen vectors that blood feed on a diversity of hosts. In the Americas, the Ixodidae ticks Amblyomma cajennense are responsible for severe impact on livestock and public health. In the present work, we present the isolation and molecular identification of a group of culturable bacteria associated with A. cajennense eggs from females sampled in distinct geographical sites in southeastern Brazil. Additional comparative analysis of the culturable bacteria from Anocentor nitens, Rhipicephalus sanguineus and Ixodes scapularis tick eggs were also performed. 16S rRNA gene sequence analyses identified 17 different bacterial types identified as Serratia marcescens, Stenotrophomonas maltophilia, Pseudomonas fluorescens, Enterobacter spp., Micrococcus luteus, Ochrobactrum anthropi, Bacillus cereus and Staphylococcus spp., distributed in 12 phylogroups. Staphylococcus spp., especially S. sciuri, was the most prevalent bacteria associated with A. cajennense eggs, occurring in 65% of the samples and also frequently observed infecting A. nitens eggs. S. maltophilia, S. marcescens and B. cereus occurred infecting eggs derived from specific sampling sites, but in all cases rising almost as pure cultures from infected A. cajennense eggs. The potential role of these bacterial associations is discussed and they possibly represent new targets for biological control strategies of ticks and tick borne diseases.
Ticks represent a large group of pathogen vectors that blood feed on a diversity of hosts, including amphibians, reptiles, birds and mammals. These Acari are divided into three families, Ixodidae (hard ticks), Argasidae (soft ticks), and the Nuttalliellidae (restricted to southern Africa) (Mihalca et al., 2011) . In the Americas, the Ixodidae ticks Amblyomma cajennense are responsible for the transmission and environmental maintenance of pathogens with public health relevance, including reports in southeastern Brazil (Lemos 2000; Walker et al., 2000; Belongia, 2002; Krause, 2002; Galvão et al., 2003; Guedes et al., 2005; Guglielmone et al., 2006) . The Cayenne tick A. cajennense can transmit several pathogens to a variety of animals and is considered the main vector of Rickettsia rickettsii, the etiological agent of Rocky Mountain Spotted Fever (Guedes et al., 2005) .
Tick and tick borne disease control has been usually attempted or proposed by the use of a series of strategies aiming mostly on biological events to potentially impair tick feeding, pathogen transmission to mammal hosts (Allen and Humphreys, 1979; Kotsyfakis et al., 2008; Piesman and Eisen, 2008; Rot et al., 2013; Schwarz et al., 2014) , and in some cases, to restrict tick molting events and pathogen maintenance during tick development (Olds et al., 2012; Calligaris et al., 2013; Doan et al., 2013; Moreno-Cid et al., 2013; Rot et al., 2013) . Interestingly, studies on tick egg biology depicting possible strategies to improve egg health, integrity and development when exposed to natural environment, represent a poorly explored venue for the control of tick populations and associated pathogens. In fact, biological events, such as the possible role of the egg microbiome on tick population dynamics or tick development, to our knowledge has never been investigated and no bacteria were previously isolated specifically from tick eggs. However, many studies have described bacteria isolated from adult ticks (Ixodes scapularis, Ixodes ricinus, Dermacentor reticulatus and Haemaphysalis concinna) collected in the U.S., part of Europe and Australia (Martin and Schmidtmann, 1998; Murrell et al., 2003; Stojek and Dutkiewicz, 2004; Rudolf et al., 2009; Egyed and Makrai, 2014) . In this scenario, we present the isolation and molecular identification of a group of culturable bacteria associated with A. cajennense eggs from females sampled in distinct geographical sites in southeastern Brazil. Comparative analyses with other Ixodidae ticks, such as Anocentor nitens, Rhipicephalus sanguineus and I. scapularis is presented. Natural colonization of tick eggs with specific bacterium physiotypes is discussed and it may bring new insights to the control of tick populations and tick-borne diseases.
In this work, actively feeding adult females of A. cajennense were retrieved from horses in southeastern Brazil sites, including municipalities with notified spotted fever cases (Brazil government data -Ministério da Saúde, SINAN, http://dtr2004.saude.gov.br/sinanweb/ from 2001 to 2015). Sampled ticks were maintained in laboratory until oviposition. Field collected samples of A. nitens and R. sanguineus actively feeding on horses and dogs were also obtained for comparative analyses. I. scapularis tick samples were also analyzed and obtained from U.S. colonies maintained at the Vector-Host Laboratory (Division of Vector-Borne Disease, Center for Disease Control and Prevention, CDC) ( Table 1) . Tick samples were prepared by initial washing steps, including four successive washes with ethanol 70% (v/v), followed by morphological and taxonomic confirmative analyses. Engorged females were placed in glass vials and maintained at »93% relative humidity, using a saturated solution of KNO 3 in a growth chamber at 26°C and under a photoperiod of 14 h: 10 h (light: dark) until oviposition. The obtained egg masses were washed in ethanol 70% (v/v), air-dried and homogenized in 500 mL of sterile PBS (phosphate buffered saline) with sterile mortar and pestle. Each egg mass, from a single female tick, was split in two to four sub-samples to generate independent egg/PBS homogenates which were individually plated for bacterial isolation.
Bacteria were isolated by direct streaking of 50 mL of the egg/PBS suspensions on LB (Luria-Bertani medium) agar plates, without any enrichment step to prevent competitive selection to occur. Replicas were incubated for 24 h at 30°C and 37°C. Bacterial colonies with the same morphology were purified in triplicates and directly inoculated into liquid LB medium for subsequent DNA extraction and storage at -80°C. Bacterial genomic DNA extraction was routinely performed using the DNeasy Blood and Tissue Kit (Qiagen, Germantown, MD) procedure and eluted in 100 mL of TE buffer. DNA integrity was analyzed by agarose gel electrophoresis (data not shown).
The eubacterial 16S rRNA universal primers 27f, 338f, 907r and 1492r (Lane, 1991) were applied in PCR reactions using the purified bacterial genomic DNAs. PCR conditions included 35 cycles of 94°C for 1 min, 55°C for 35 s and 72°C for 1 min. PCR products from four independent reactions were directly purified with the GFX PCR DNA and Gel band purification kit (GE Healthcare, Buckinghamshire, UK), according to manufacturer's instructions. Purified PCR products were sequenced using the BigDye Terminator DNA sequencing kit (Applied Biosystems, Foster City, Calif., U.S.A.) and analyzed in a Megabace 1000 DNA sequencer (Amersham Biosciences). Sequences were edited using SeqMan program (DNASTARinc package for Windows platform, 1989 Windows platform, -1999 , and the identities were obtained by BLAST analyses. Neighbor-joining phylogenetic reconstruction with the Kimura two-parameter correction model was used to obtain a better taxonomic resolution (Kimura, 1980) . A total of 72 morphologically different colonies were visually grouped and isolated from a total of 46 egg mass samples, including 20 samples analyzed for A. cajennense from 4 sampling sites located in the states of Rio de Janeiro and Minas Gerais, Brazil, and 26 comparative samples of egg masses from A. nitens, R. sanguineus and I. scapularis species. DNA sequence BLAST analyses grouped all isolates into a total of 17 bacterial types (named as "IsoAC1" to "IsoAC8", "IsoAN1" to "IsoAN3", "IsoRS1" and "IsoRS2", "IsoIS1" to "IsoIS4") belonging to eight bacterial genera (Table 1) , distributed in 12 phylogroups of Firmicutes (Bacilli) (70% of A. cajenennse samples;~47% of all samples), Gamma-proteobacteria (30% of A. cajennense samples;~42% of all samples), Alpha-proteobacteria (not in A. cajennense but in~5,5% of all samples) and Actinobacteria (not in A. cajennense but iñ 5,5% of all samples) after 16S rRNA gene sequence analyses (Figure 1) . Curiously, most tick egg samples present a restricted culturable bacterial richness, especially A. cajennense samples which in some cases yielded isolation of a pure culture of the associated Staphylococcus sciuri by direct plating of its egg/PBS homogenates. Staphylococcus was the most frequent genus of bacteria associated with all tick species tested, occurring in 65% of the A. cajenennse samples and 45% of all tested egg/PBS homogenates, especially the S. sciuri (Clade H), which occurred in tick eggs sampled in different states of Brazil, both from Cayenne ticks sampled in the cities of Rio do Ouro (Rio de Janeiro state) and Pouso Alto (Minas Gerais state), and from A. nitens obtained in Seropedica (Rio de Janeiro state). Staphylococcus spp. were also abundantly detected in a recent metagenomic assessment of bacteria in R. microplus, but S. sciuri was only found associated to adult ticks of this species (Andreotti et al., 2011 Ticks can uptake and carry bacteria from their environment or from the skin surface of hosts and some of these bacteria are able to survive and replicate in ticks (Egyed and Makrai, 2014) . S. sciuri is in fact considered common colonizers of dogs, cats, found in the skin of cattle and other Tick eggs associated bacteria 479 a Identification by 16S rRNA gene sequence analyses. The GenBank accession number is given in parenthesis. The identity percentage with the closest species is followed by slash; The most identical species name and GenBank accession number is also presented. animals (Devriese et al., 1984; Cox et al., 1985; Lilenbaum et al., 1999; Bagcigil et al., 2007; Andreotti et al., 2011; Couto et al., 2011; Garbacz et al., 2013) . In this work, several identified bacteria are not typically described as associated with arthropods. The successive washes of the female ticks before oviposition, as previously performed in other tick associated bacteria study (Jutras et al., 2010) , and taking the fact that eggs were laid in the laboratory vials and subjected to an additional direct washing step, suggests that these bacteria are not casual soil or other environmental population accidently colonizing the tested egg samples, and could indeed represent active partners participating in specific aspects of tick physiology. It is interesting to mention that all bacterial isolates are able to secrete protease, as determined by clearing zone formation by growths on LB agar plates containing 0.5% casein (Supplementary Material, Figure S1 ). This suggests that all isolated bacteria could contribute to ticks egg hatching processes, which should be assessed in further work. Also, a growing literature indicates that arthropods containing associated bacteria increase the arthropod-resistance against parasites and/or pathogens (Gravot et al., 2000; Oliver et al., 2003; Hedges and Johnson, 2008; Teixeira et al., 2008; Brownlie and Johnson, 2009; . The exposed tick eggs are vulnerable to environmental conditions and infection, mostly by soil microorganisms, is expected. Although not elucidated in the present work, we can speculate that the reduced amount of (Gardner, 1949; Tagg et al., 1976; Jakobi et al., 1996; Harris et al., 2004; Furushita et al., 2005; Pankewitz and Hilker, 2006; Banerjee et al., 2011; Gutiérrez-Román et al., 2012; Liu et al., 2013) , indicating their possible role on chemical protection of the exposed egg masses. S. marcensces and B. cereus are also known to combat insects and nematodes, organisms that could represent predators of tick eggs (Sikorowski and Lawrence, 1998; Yoshida et al., 2001; Dillon and Charnley, 2002; Nishiwaki et al., 2004) . Additionally, the most frequent S. sciuri and S. maltophilia are also known as multidrug resistant bacteria (Stepanovic et al., 2006; Hauschild et al., 2007; Haenni et al., 2011; Bhargava and Zhang, 2012; Lozano et al., 2012; Davis et al., 2014; García-León et al., 2014; Harrison et al., 2014) and that would possibly support their high prevalence on A. cajennense egg samples, as a consequence of their potential resistance to competing microorganisms or to other antimicrobial components on eggs surface or in the surrounding environment (Arrieta et al., 2006) .
Some bacterial species isolated are also known to be pathogenic to arthropod hosts, as the Clade G B. cereus/B. thuringiensis. The Clade B S. marcensces also seems to be harmful to ticks, since it was already described that the wax from the eggs of Amblyomma hebraeum has antibiotic activity for their protection specifically against this bacterium (Arrieta et al., 2006) . Nymphs, larvae and adult ticks of Amblyomma variegatum also present specific substances against S. marcensces (Pavis et al., 1994) . This bacterium species is a known opportunistic pathogen of insects (Sikorowski and Lawrence, 1998) and able to decrease egg hatching time of flies (Romero et al., 2006) . Some other bacterial isolates are also representatives of clades that include potential pathogens to ticks, and it raises the possibility that tick egg associated bacteria could also act on trans-generational immune priming, a process of maternal transfer of bacteria to increase the expression of immunity-related genes encoding antibacterial proteins in the emerging larvae, as described for some insects (Freitak et al., 2014) . These possibilities should be tested in the future.
It is important to mention that the bacteria presented here were cultured and isolated, not only described at the DNA sequence level. These bacteria, specially S. sciuri, are potential candidates for future paratransgenesis strategies, once they were easily isolated from tick eggs and reported infecting both nymph and adult ixodidae ticks of different species, including R. microplus, Ixodes holocyclus, I. ricinus, Dermacentor reticulatus, Haemaphysalis concina and Amblyomma fimbriatum (Martin and Schmidtmann, 1998; Murrell et al., 2003; Stojek and Dutkiewicz 2004; Rudolf et al., 2009; Andreotti et al., 2011) . In paratransgenesis, arthropod associated bacteria are used as vehicles for expressing foreign genes to kill or reduce pathogen fitness in their arthropod vectors, representing an alternative strategy to reduce pathogen transmission (Beard et al., 1998) . Taken together, the present description and isolation of tick eggs associated bacteria offer new targets and tools for biological control strategies of ticks and tick borne diseases.
